To identify the clinical features and independent predictors of survival in older patients with bone metastasis from prostate cancer (PCa). We retrospectively analysed 205 older patients with bone metastases from PCa between 1997 and 2012. The Kaplan-Meier method was used with the log-rank test for survival rate calculations and to evaluate each variable. Multivariate analysis was performed with the Cox regression model. The chi-squared test was used to compare survival rates between older and younger (n5197) patients. All patients were followed up. The 1-, 2-, 3-and 5-year survival rates were 95.5%, 77.5%, 68.5% and 33.7%, respectively. Gleason score, radiotherapy of the primary tumour, the number of bone metastases, the alkaline phosphatase alkaline phosphatase (ALP) level, organ metastasis and regional lymph node metastasis were associated with the survival rates. Multivariate Cox regression analysis showed that Gleason score at diagnosis of the primary tumour was a significant predictor of overall survival following the diagnosis of bone metastases. In addition, the overall survival rates of older patients were higher compared with younger patients, but older patients who underwent radiotherapy had higher mortality. These data may serve as a guide for creating clinical prediction models in further studies. 
INTRODUCTION
Prostate cancer (PCa) is the most commonly diagnosed malignancy among males in developed countries and the second leading cause of cancer-related mortality.
1 Currently, the incidence is rapidly increasing in developing Asian counties such as China. It is the only solid tumour diagnosed with its first recurrence as bone metastases instead of visceral metastases. PCa frequently metastasizes to bone, and treatment with androgen deprivation leads to accelerated bone loss, resulting in clinically relevant skeletal complications associated with disabling symptoms. 2 Among patients who die from PCa, the incidence of skeletal involvement appears to be .85%. 3, 4 Eisenberger and Hussain et al. 5 identified baseline covariates that predict the long-term survival of patients with metastatic PCa based on the Southwest Oncology Group criteria. Minimal disease, better Southwest Oncology Group performance status, no bone pain, lower Gleason score and lower prostate-specific antigen (PSA) level were independent factors associated with longer survival. 5 In our previous study, we found that bone metastasis of PCa was more common in older males, 6 but no prognostic factors for these PCa patients were identified. In this retrospective study, the sample size was enlarged and 205 PCa patients older than 70 with bone metastases were included. The patients' clinical features and main prognostic factors, including age, Gleason score, stage, endocrine therapy, castration, radiotherapy, number of bone lesions, PSA and alkaline phosphatase (ALP) levels, neighbouring organ metastasis, regional and remote lymph node metastases, invasion of the surrounding parenchyma and other visceral metastases, were analysed to determine treatment strategies and predict the reactions of the older patients to treatment.
MATERIALS AND METHODS

Patient collection
A total of 205 older and 197 younger patients with bone metastases from PCa who were treated between 1997 and 2012 at Zhongshan Hospital, Fudan University, were included ( Table 1) . The data for the young patients were partially derived from our previous study. 6 All of the patients were confirmed as having primary PCa by pathological diagnosis and were diagnosed with bone metastasis through radioisotope scanning or magnetic resonance imaging.
Collection of clinical and pathological data Patient age at diagnosis, Gleason score and clinical stage at initial diagnosis, treatment for primary prostate lesions, including endocrine therapy, radiotherapy and chemotherapy, number of bone lesions, PSA and ALP levels, organ metastasis sites, regional and remote lymph node metastases, follow-up duration and survival status were retrospectively collected and reviewed. Serum PSA values were determined in the same laboratory using the ELISA method. The normal range was 0-4 ng ml 21 . The PSA values of the patients were characterized as 0-4 ng ml 21 , 4-20 ng ml 21 and greater than 20 ng ml 21 . In the pathological examinations of the patients, Gleason scores were characterized as 2-4, 5-7 and 8-10. When determining the number of metastases by radioisotope scanning, the number of metastases in each vertebra and rib metastasis was considered as one metasitasis; in the statistical evaluation, the number of bone metastases was assessed as either single or multiple. The study design was approved by the institutional ethics review board of Zhongshan Hospital, Fudan University.
Follow-up and statistical methods
The survival time was calculated from the date of the first diagnosis of bone metastasis to the date of death or last follow-up. Univariate and multivariate analyses were performed using SPSS 18.0 software (IBM, Armonk, NY, USA). The Kaplan-Meier method with a log-rank test was used for survival rate calculations and to evaluate each variable. Multivariate analysis was performed with the Cox regression model, and all of the variables were entered in a single step, using backward stepwise regression (likelihood ratio). The chi-squared test was used to compare survival rates between older and younger patients. All of the tests were two sided, and P,0.05 was considered statistically significant.
RESULTS
Patient characteristics
For the older patients, the median age was 75 (range: 70-91) years. In this group, metastases had spread to the spine (43.3%), and the thoracic vertebrate (17.2%) and lumbar vertebrate (16.8%) were the most frequently involved sites. Figure 1 shows the sites of bone metastasis observed in the older patients.
Survival time analysis
All of the patients (100%) were followed up until the date of death or 1 August 2012. The median follow-up was 55.6 (interquartile range: 8.0-175.0) months. Following the diagnosis of bone metastasis, the 1-, 2-, 3-and 5-year survival rates were 95.5%, 77.5%, 68.5% and 33.7%, respectively, with a median survival time of 55.6 (range: 8.0-175.0) months. Following the diagnosis of PCa, the 1-, 2-, 3-and 5-year survival rates were 95.5%, 77.5%, 68.5% and 33.7%, respectively, with a median survival time of 56.2 (range: 7-175) months.
Prognostic factors in univariate and multivariate analyses
The results of the univariate analysis indicated that survival was associated with Gleason score, radiotherapy of the primary tumour, the number of bone metastases, the ALP level, sites of organ metastasis and regional lymph node metastasis (P,0.05). The differences for other factors were not significant (P.0.05, Table 2 ).
Multivariate Cox regression analysis showed that age and Gleason score at the time of primary tumour diagnosis were significant predictors of overall survival following the diagnosis of bone metastasis ( Table 3) .
Comparisons of survival rates between older and younger patients
The survival rates between older and younger patients were compared (figure 2). The survival rate of the older patients was significantly higher compared with the younger patients (Figure 2a ). Older patients with more than 150 IU l 21 ALP, multiple sites of bone metastasis or neighbouring organ metastasis had a higher survival rate ( Figure 2d, 2h and 2k ). In addition, older patients without radiotherapy of the primary tumour and regional lymph node metastasis also had a significantly higher survival rate compared with younger patients (Figure 2f and 2j) . Similarly, older patients with single-bone metastasis had a higher survival rate (Figure 2g) . Interestingly, the older patients who received radiotherapy of the primary tumour demonstrated a lower survival rate than the younger patients ( Figure 2e ). Other factors did not significantly influence the survival rate between the two groups ( Figure 2b , 2c, 2i and 2l).
DISCUSSION
Although the early diagnostic methods for PCa are advanced (e.g., PSA screening, high-resolution magnetic resonance imaging, ultrasonography), approximately 10%-20% of PCa patients are initially diagnosed because of bone metastasis. 7 The majority of patients with localized early stage disease do not develop metastasis and do not die of prostate cancer. However, among patients with castration-resistant metastatic prostate cancer, more than 80% of patients present bone metastases, which is the most common site of metastasis in this group.
2
The patients in our study ranged in age from 70 to 91 years, and the data demonstrated that most bone metastases of PCa did not extend into the adjacent organs. The clinical use of PSA to accurately predict prognosis is recognized as inadequate because PSA is prostate specific but not PCa specific, as it is known to be increased by other prostate diseases such as benign hyperplasia as well as by inflammation, transrectal ultrasound examination, biopsy and transurethral prostatectomy. However, due to a lack of other more specific markers, serum PSA is still suggested for PCa diagnosis and follow-up. Although Glass et al. 8 stated that PSA was an independent predictor of metastatic PCa, other researchers have reported that the pre-treatment PSA level does not have a statistically significant effect on survival in patients with Figure 1 Sites of bone metastasis from PCa. PCa, prostate cancer.
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9,10 A study evaluating a series of Southwest Oncology Group phase III trials revealed that overall survival was significantly improved in the post-PSA era. 11 . To increase the sensitivity and specificity of PSA, some new indexes were developed, including PSA density, velocity, doubling time and the free to total PSA ratio, which have increased the significance of serum PSA in diagnosing PCa. In the current study, the PSA level at the time bone metastases were observed was identified as a significant survival predictor.
In accordance with our results, the serum ALP level has been found to be an important prognostic factor in many studies. 9, 12 In the current study, the median overall survival of patients with Gleason scores .8 was significantly shorter than that of the lower scoring patients, which is consistent with our previous study. 6 Cheville et al. 13 and Yigitbasi et al. 9 have also reported that among patients with bone metastases, the Gleason score of the primary prostate adenocarcinoma is strongly associated with patient outcome. Saeter et al.
14 found that the survival of patients with soft tissue or non-regional lymph node metastasis was similar to that of patients presenting with skeletal metastasis only, but few studies have discussed the prognostic value of these factors. We have previously demonstrated that regional lymph node metastasis is an independent predictor in metastatic PCa patients; however, in the present study, it was not predictive for older patients with metastatic PCa.
To prolong survival and improve quality of life, comprehensive therapy is necessary. Radiotherapy is a very effective method for treating bone metastases. Interestingly, our previous study demonstrated Abbreviations: ALP, alkaline phosphatase; PSA, prostate-specific antigen. a Defined as an organ around the prostate, such as the bladder, spermatophores, urethra and rectum. b Defined as brain, lung and liver metastases. the advantage of radiotherapy, 6 and the results were similar to those of another recent study. 15 However, in the current study, the older patients who received radiotherapy showed a lower survival rate when compared with the younger patients. In addition, the overall survival rate of the older patients was significantly higher compared with the younger patients. In the older patients, in addition to radiotherapy, the number of bone metastases, ALP .150 ng ml 21 and lymph node or organ metastasis were all associated with the difference in the survival rate between older and younger patients. These data revealed a better outcome for older patients with PCa bone metastasis.
Prostate cancer is primarily dependent on androgen, which is secreted less and more slowly with increasing age. The benefits of androgen deprivation therapy are well recognized, and a multitude of studies have documented the benefits of androgen deprivation therapy in conjunction with other therapies. 16 In our study, we observed that the overall survival rate of the older patients was higher than that of the younger patients, and the decreased androgen level in the older patients may at least partially explain this difference. In addition, osteogenic bone destruction is a characteristic of PCa with bone metastasis. 17 As a result and in contrast to other cancers, metastatic sites cause less pain, fewer pathologic fractures and less spinal cord compression. Currently, the first-line treatment for PCa bone metastasis is radiotherapy, 18, 19 which represents an active treatment strategy. However, our study demonstrates that it is not beneficial for older patients with bone metastasis to receive radiotherapy on the primary tumour site. Radiotherapy affects not only tumour cells but also normal cells. Bone metastasis is not an important cause of death for older patients; the vulnerable homeostasis might be influenced by radiotherapy, which impairs existing diseases such as cardiovascular and respiratory system diseases in older patients. Therefore, radiotherapy on the primary tumour site for older patients should be used with caution. However, it also should be noted that the number of patients who received radiotherapy on the primary tumour site was less than that of patients who did not in this study. The result needs to be confirmed in a larger sample size in the future. But in respect to bone metastasis sites, especially on the spine or other weight bearing bones, it is universally acknowledged that radiotherapy improves the quality of life by inhibiting pain and decreasing the rate of pathological fracture.
CONCLUSION
In conclusion, Gleason score, radiotherapy, the number of bone metastases, the ALP level and neighbouring or distant organ and regional lymph node metastases were associated with the survival of older patients with bone metastases from PCa. The survival rate was higher among the older patients compared with the younger patients. These data may serve as a guide for building clinical prediction models in future studies.
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